THE effects produced on the nervous system by the excision of the thyroid and parathyroid have been described by various observers. In 1902 I communicated to the Pathological Society a paper on the effects produced by thyroid excision and by thyroid feeding [1]. The experiments there related included three in dogs in which thyro-parathyroidectomy had been performed. These three dogs died, or were killed because they were about to die, one in three, one in six, and one in twelve days. This is the usual result of this operation, for under usual conditions carnivora generally die a few days after the operation, only about 4 per cent. surviving. It has, however, been pointed out by W. G. MacCallum and Voegtlin [3] and others that if these dogs are treated with calcium salts in large doses a considerable number of the animals will survive the operation, with or without symptoms during the first few days. Experiments to test this have been performed by myself both on dogs and cats and the results published [2] ; in dogs there was a recovery of 45 per cent., and a similarly good result was obtained in cats, the animals surviving many months. These results were obtained by giving calcium as lactate, either by the mouth or intravenously, or by feeding the animals with milk (which contains much calcium).
THE effects produced on the nervous system by the excision of the thyroid and parathyroid have been described by various observers. In 1902 I communicated to the Pathological Society a paper on the effects produced by thyroid excision and by thyroid feeding [1] . The experiments there related included three in dogs in which thyro-parathyroidectomy had been performed. These three dogs died, or were killed because they were about to die, one in three, one in six, and one in twelve days. This is the usual result of this operation, for under usual conditions carnivora generally die a few days after the operation, only about 4 per cent. surviving. It has, however, been pointed out by W. G. MacCallum and Voegtlin [3] and others that if these dogs are treated with calcium salts in large doses a considerable number of the animals will survive the operation, with or without symptoms during the first few days. Experiments to test this have been performed by myself both on dogs and cats and the results published [2] ; in dogs there was a recovery of 45 per cent., and a similarly good result was obtained in cats, the animals surviving many months. These results were obtained by giving calcium as lactate, either by the mouth or intravenously, or by feeding the animals with milk (which contains much calcium).
On the previous occasion the experiments were made at the Brown Institution, and the nervous systems of the animals were, by kind permission of Dr. Mott, examined at the Pathological Laboratory of Claybury Asylum, and the same has been done on the present occasion. Although the animals when treated with calcium survive the operation several months, they do eventually die as a result of it. Of the three animals in which the changes about to be described occurred, the two cats survived seven months each and the dog four and a half months. I have at the present time a dog living on milk and in good health which was operated on thirteen months ago.
The dog whose nervous system was examined was fed on milk, a quart a day, and was given in addition 30 gr. (2 grm.) of lactate of calcium a day; then it was submitted to total excision of the thyroid and parathyroids. The day but one after the operation the dog had severe tremors; 9 gr. (0'6 grm.) of lactate of calcium were given intravenously. The next day the dog was nearly well; he was running about and seemed quite bright. He continued well (on milk diet) for four months and eleven days after the operation, then the gait was affected and the hind limbs seemed stiff; there was no sugar in the urine. The next day the dog seemed dull, ran about only slowly, and could not jump up on his hind legs. Two days later the dog died. The post-mortem, which was made about three hours after death, did not show any changes to the naked eye; the brain and cord were put into a 5 per cent. formalin solution.
Cat No. 1.-This cat was fed on normal goat's milk; it then underwent total excision of the thyroid and parathyroids, and did well for two months, when' it had an attack in which it seemed stupefied and breathed rapidly; there was no sugar in the urine. From this attack the cat recovered and remained well till seven months after the operation; the animal then had an altered gait and walked with its legs apart. The next day the animal was worse and could hardly stand, and was destroyed by chloroform; the brain and cord were at once removed and placed in a 5 per cent. formalin solution.
Cat No. 2.-The cat was fed for some days on milk only; it was then subjected to total excision of the thyroid and parathyroids; it was then given, in addition to the milk, 30 gr. a day of lactate of calcium. The cat had no symptoms, except that in four months' time it was thought to be somewhat thin. Six months after operation the cat had an attack in which it seemed very dull and did not take its milk properly; the attack passed off and the cat remained fairly well for a month, when it had another similar attack; there were no tremors on either occasion. The next day the cat, being no better, was destroyed by chloroform; the brain and cord were at once taken out and placed in a 5 per cent. formalin solution.
It will be noticed that the two cats were destroyed by chloroform; they did not require much, as they were very ill at the time. In order to avoid any source of fallacy arising from this, a normal cat was killed by chloroform and its brain and cord treated in the same way and used for comparison. The dog died of the symptoms.
After hardening, the portions were embedded in paraffin and cut. The changes about to be described were shown by staining by the Nissl method; sections were also stained by the Ranke method, but they showed no glial proliferation; also by the Weigert-Pal method, but they showed no tract degeneration, also those stained by the Marchi method did not show any fatty degeneration.
The changes are most marked in the medium-sized and smaller cells; in many of these the body is partly or wholly destroyed. In the cell drawn it will be seen that the Nissl bodies are undergoing chromatolysis: the nucleus is destroyed and the cell is invaded by satellite cells, which are seen in the body of the cell; the upper cell is not so far advanced towards destruction. Medulla: Changes similar to those in the spinal cord are found in all the cells of the medulla, though not so marked. Cerebellum: The cells of Purkinje also show changes similar to those found in the cord. Cortex: The medium and large pyramidal cells exhibit the following changes: in many the Nissl bodies are undergoing chromatolysis, while many others are utterly destroyed, only the outline of the cell being visible; inany of them are being invaded by satellite cells.
Cat No. 2.-Spinal cord: Shows similar changes to those described in Cat No. 1 (see fig. 1 ). Medulla: Shows similar changes in its cells (see fig. 2 ). Cerebellum: The cells of Purkinje are seen in all stages of destruction. Cortex: Similar changes to those found in Cat No. 1.
The pituitary body was examined, but no changes found.
Dog No. 1.-Spinal cord: The cells, both large and small, are affected, the changes being even more marked than in the cats; many of the cells are nearly totally destroyed and quite past regeneration. Many of the cells are far more destroyed than those shown in the drawings, which represent an average group. Medulla: There are some changes, but they are not so advanced as those seen in the cord. Cerebellum: There are the same changes as those described in the cells of Purkinje in the cat. Cortex: Cell body is swollen; the Nissl bodies are undergoing chromatolysis; in some cells the nucleus and nucleolus have disappeared, as shown in the drawings. Pituitary: No change can be detected (see fig. 3 ).
The percentage of calcium in a portion of the brain of the thyroparathyroidectomized dog, and also for comparison in a portion of the brain of a normal dog, was kindly determined by Mr. Mann, the chemist at Claybury. He found as follows: This reduction of calcium to a half in the brain of the operated dog agrees with the result obtained by MacCallum and Voegtlin: they also found a marked dimninution in the amount of calcium in the blood of a parathyroidless dog. They consider that the removal of the para-
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from thyroids leads to a drain of calcium from the system, and that this can be remedied by the administration of calcium; the experiments here related go to confirm that view.
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DISCUSSION.
Dr. WILFRED HARRIS asked whether the cause was loss of calcium due to thyroid extirpation, or to parathyroid extirpation. Experiments had been done by feeding with parathyroid extract, and certain symptoms were supposed to be due to that.
Dr. Box asked whether Mr. Edmunds considered that his results threw light on the curious paraplegia which sometimes occurred in Graves's disease.
The PRESIDENT (Dr. F. W. Mott, F.R.S.) asked whether Mr. Edmunds had investigated the question of the loss of calcium salts from the body by the urine in the first days following the thyroidectomy. He thought that either the animal could not use the calcium salts in its food and so the brain lost the calcium salts, or the excess of calcium salts left the body. It was desirable to know about that. He also suggested that the bones should be examined microscopically and chemically. It would be desirable also to compare the results of growth of bone in very young thyroidless animals with normal animals of the same litter.
Mr. EDMUNDS, in reply, said the symptoms were attributed to loss of parathyroid, not of thyroid. If the parathyroids only were removed one found the same symptoms in these animals. The subject had been worked at in America, where it was found that relief of the animals was brought about by the administration of calcium. He used to put his animals on calcium for a few days and then operate upon them: but when there was a delay in operating and they were kept waiting two or three months, the animals more often survived than if they were fed for only three or four days with calcium: it was necessary to continue the feeding for the whole time, for if the calcium was stopped the animals died. If the animals were fed upon milk after operation they would probably live, but if put upon meat instead of milk, they died. Many of the dogs, notwithstanding that they were put on milk, got symptoms for two or three days, but after that they passed off and life was Ju-10a continued for months without symptoms if the calcium feeding was persisted in. He believed the symptoms of paralysis and weakness were due to changes in the cells of the cord, and that, he presumed, had something to do with the loss of calcium. He had not yet made experiments connected with the urine, but he thought he would be able to do so. He would expect to find excess of calcium in the urine; such had been found in America; also loss of calcium from the blood; in the blood there was only half the normal quantity of calcium.
